Pure ZnS nanoparticles were prepared in 1-butyl-3-methylimidazolium tetrafluoroborate ([BMIM]BF4) ionic liquid by simple heating without any sophisticated technology or any other solvents or any other stabilizing or capping agents. Particles of size below 10 nm were obtained by this method and found that the final product is free from the [BMIM]BF4 ionic liquid. It is deduced from the analysis that the growth of the ZnS nanoparticle was controlled by the combined intrinsic high charge and the steric effects of [BMIM]BF4 ionic liquid. ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Ionic liquids (IL) have received much attention recently due to their potential use as green recyclable alternatives to traditional organic solvents. Endres et al. (2008) defined the ionic liquid as ''an ionic material that is liquid below 100°C'' with a large number of cations and anions. ILs have high ionic conductivity, low viscosity, high thermal stability, wide electrochemical windows up to 7 volts and have negligible vapor pressure as well as they are environmentally friendly (Endres et al., 2008) . Ionic liquids can form ionic liquid-organic solvent system so that it can dissolve a wide spectrum of organic, organometallic, and inorganic compounds (Wang et al., 2008; Zhao and Malhotra, 2002) . Physical properties of ionic liquids eliminate environmental and other safety problems due to volatilization, as is the case in the conventional organic solvents. Published results indicate that most of the ionic liquids can also be recycled for reuse (Zhao and Malhotra, 2002) and therefore, ILs are considered as novel and green solvents. Further, the thermodynamic and kinetic behavior of the ionic liquids is different, so that the rates of reaction are often enhanced and selectivity is even better.
Moreover ionic liquids are miscible with the substances having very wide range of polarities and can simultaneously dissolve organic and inorganic substances. These features of ionic liquids offer numerous opportunities for novel material preparations and the modification of existing processes. The great potential of the ionic liquid is the charged nature which can influence the synthesis itself. Ionic liquids are usually composed of large asymmetric organic cations and inorganic or organic anions. Most commonly used ionic liquid is the ionic liquid with cations based on the imidazolium or pyridinium ring with one or more alkyl groups attached to the nitrogen or carbon atoms. Anions include halide ions, tetrafluoroborate (BF4 À ), tetrachloroaluminate (AlCl 4 À ), hexafluorophosphate (PF 6 À ), and bis(perfluorome thyl-sulfonyl)imide anion (CF 3 SO 2 )2N À (also known as bistriflate imide (Tf2N À )) and many new cations have recently been proposed. Imidazolium-based ionic liquids with stable anions (e.g., tetrafluoroborate or trifluoromethyl sulfonate) are the best materials for applications because of its stability, so that [BMIM] BF4 ( Fig. 1 ) has been chosen for the synthesis of ZnS nanoparticles. The basic properties of the of 1-butyl-3methylimidazolium tetrafluoroborate ([BMIM] [BF4]) are given in Table 1 (http://www.sigmaaldrich.com/catalog/product/ fluka/39931).
[BMIM][BF4] ionic liquid is used as an electrolyte in electrochemical applications (Abdul Kareem and Anu Kaliani, 2012) and as a capping agent for nanoscale materials (Biswas and Rao, 2007) processing. It is a fact that various size quantization effects such as widening of band gap and the formation of discrete orbitals appear at the nanoscale especially in the case of semiconductors. ZnS is one of the most important materials in the electronic/optoelectronic industry with prominent applications in flat-panel displays (Sakshi et al., 2013) , white light LEDs (Nizamoglu and Demir, 2009 ), electroluminescence devices (Muller et al., 1990) , sensors (Wang et al., 2012) , lasers (Sorokina et al., 2002) , infrared windows (Sumitomo Electric Industries, Ltd, 2010), and as an antireflection coating on solar cells (Gangopadhyay et al., 2004) . Generally ZnS nanoparticles are prepared with the help of capping or stabilizing agents by dissolving the ZnS precursors in the solvent using sophisticated technologies. While the group of Biswas and Rao (2007) experimented ionic liquid for processing nanoscale materials and reported the preparation of Shahid et al. (2012) report the synthesis of ZnS quantum dots and nanorods by heating the precursor solution to 250°C under micro wave irradiation. Our experiment shows that ZnS nanoparticles synthesis in [BMIM]BF4 ionic liquid is simple as making a tea and the results are discussed below.
Materials and methods
All chemicals were purchased from Sigma Aldrich Chemicals, Bangalore, and used without any further purification. Three ZnS samples were made in three beakers by adding 0.2726 g of ZnCl 2 and 0.0156 g of Na 2 S in 4 ml of 1-butyl-3methylimidazolium tetrafluoroborate ([BMIM][BF4]) in each beaker, where the concentration of ZnS precursors was fixed based on our previous experiments. Each of the three beakers was kept for 1 h (sample H1), 2 h (sample H2) and 3 h (sample H3) at 90°C respectively on a heater without any stirring. It was seen that the precursors were dissolving and the color of the liquid changed from light yellow to a cream color. After washing the cream colored precipitate in ethanol and in water for four times, it was washed again in ethanol to make the precipitate to dry at 80°C in air to get fine powder. X-ray diffractogram of the samples was obtained by X-ray Powder Diffractometer of Bruker AXS D8 Advance while scanning the samples from 10°to 80°in steps of 0.020°per 31.2 s at 25°C. SEM analysis was performed by the SEM of JEOL Model JSM -6390LV and FTIR spectra of the samples were obtained using Fourier Transform Infra Red spectrometer (FTIR) of Avatar 370-Thermo Nicolet with spectral range from 400 to 4000 cm À1 which has a resolution of 4 cm À1 . Transmission Electron Microscopic images were obtained from Jeol model JEM-2100 having accelerating voltage about 200 kV.
Results and discussion
ZnS nanoparticle growth in [BMIM]BF4 ionic liquid was studied by heating the mixture of the ZnS precursors in [BMIM]BF4 ionic liquid for different time periods. The samples were analyzed by their X-ray diffractograms, SEM and TEM images and by FTIR spectra. X-ray diffractogram of the samples H1, H2 and H3 is shown in Fig. 2 and their crystal information is given in Tables 2-4. Their X-ray diffractograms are well correlated with the ASTM 77-2100 and the peaks are assigned to the (1 1 1), (2 2 0) and (3 1 1) planes. Crystallite size and strain were calculated from the Williamson-Hall plot (Williamson and Hall, 1953) and the crystallite sizes are 2.88 nm in H1 sample, 3.10 nm in H2 and 2.87 nm in H3 sample. It is seen that there was not any remarkable change in crystallite size while increasing the reaction time but the compressive strain was seen to decrease with time, an indication of particle growth with time.
The dried powder samples dispersed in ethanol for TEM analysis. The TEM, HRTEM and SAED images are shown in Figs. 3, 4 and in Fig. 5 . It is obvious from the TEM images that the particles sizes are below 10 nm and are well dispersed in ethanol. SAED images show that the samples are polycrystalline and the diffraction rings are assigned to (1 1 1), (2 2 0) and (3 1 1) planes after comparing the interplanar spacing obtained from their X-ray diffractograms. Interplanar spacing calculated from SAED, HRTEM and XRD are compared in Table 5 . Variations observed in interplanar spacing and particle sizes calculated from the TEM, SAED and XRD are due to the method of analyzing the samples, that the precipitate was heated to make it powder for XRD and the powder was dispersed in ethanol for TEM and SAED analyses. This work is intended to study the ZnS nanoparticle formation in ionic liquid so that the optical and other properties of the ZnS would not be studied here.
It is deduced from their X-ray diffractograms and from their TEM images that [BMIM]BF4 ionic liquid acts as a stabilizer (Biswas and Rao, 2007) and a capping agent that controls the agglomeration of the ZnS particles. Here the reaction of the Zn cations with the sulfur anions in [BMIM]BF4 ionic liquid gives rise to ZnS nanocrystal nucleus and grows to particle. Then these nanocrystals will be coated by the [BMIM]BF4 ionic liquid as soon as the ZnS nanocrystals nuclei form and this coating impedes further growth of the particles. The important fact is that the low interfacial tension of ionic liquids leads to high nucleation rates (Biswas and Rao, 2007) , that enables the generation of small nanoparticles which undergo weak Ostwald ripening. The combined intrinsic high charge and the steric effects of this ionic liquid are considered to be responsible for creating an electrostatic and steric (colloid-type) stabilization of the ZnS nanoparticles. It is also important to find the presence of the ionic liquids in the final product, so that the FTIR of the sample H3 was analyzed after dispersing the dried powder in ethanol and their absorption peaks are shown in Fig. 6 and compared with FTIR of the pure [BMIM]BF4 ionic liquid. Each of the absorption peaks is assigned to the respective vibrations as in Table 6 . This analysis showed that the ionic liquid was disintegrated during the heating with Na 2 S and ZnCl 2 and covered the ZnS nanoparticles through free SAH bonding that impeded the growth of the particles Yoonnam et al., 2008) . It is obvious that the spectrum has the peaks of ethanol and parts of the ionic liquid having C-N stretching vibrations. This heating experiment shows that it is easy to prepare ZnS nanoparticles in [BMIM]BF4 ionic liquid, that does not need any sophisticated technology or any solvents or any stabilizing or capping agents other than [BMIM]BF4 ionic liquid.
Conclusion
ZnS nanoparticles were prepared in [BMIM]BF4 ionic liquid by simple heating. The analysis shows that the particles are well separated and they are below 10 nm. Absence of the FTIR peaks corresponding to the pristine [BMIM]BF4 ionic liquid in the final product confirms the disintegration of the [BMIM]BF4 during the formation of ZnS. It is deduced that the ZnS nanoparticle growth was stabilized by the combined intrinsic high charge and the steric effects of ionic liquid.
